In situ hybridisation was carried out with biotinylated probes against HPV1624 and an alkaline phosphatase anti-alkaline phosphatase (APAAP) detection system, as described by Holm et al. 25 Briefly, sections from formalin fixed, paraffin-wax embedded material were treated sequentially with proteinase K (250 ug/ml), 0-2% glycine, and 4% paraformaldehyde. After probe and cellular DNA were denaturated together by heating at 95°C for 10 minutes, the slides were hybridised for 18-22 hours at 37°C. Tissue sections were given high stringency washes before hybridised DNA was detected using sequential incubation with mouse antibiotin, volts for 24 hours each on 0S5% and 1% agarose gels respectively. Hybridisation was performed with a 32p labelled HPV16 probe. In the first dimension two bands of 8 and 12 kilobases can be detected. These were shown to belong to two groups by two-dimensional electrophoresis. In the second dimension the 8 kilobase fragment can be seen on the linear track. The upperfragment is seen on the circular track (arrowhead) corresponding to weight was observed. At such high molecular weights, the circular and linear tracks merge, so the physical state of the virus DNA could not be determined.
In 12 of 13 cases HPV16 containing linear fragments ranged from 7 to 16 kilobases, indicating a maximum of two integrated copies. In one sample the size was more than 48 kilobases and could represent integrated multimers of HPV16. The episomal HPV DNA appeared in dimers and multimers; we did not detect any monomers. One sample harboured both multimeric and dimeric episomal forms. The sizes of the linear and the episomal forms were compared in each sample. In each case the linear fragment differed in size compared with the episomal form, indicating that linear DNA was not simply a breakdown product of circular DNA.
In situ hybridisation analysis of HPV16 DNA showed that in one of the 13 cases tested a punctuate signal was detected (fig 2 A) , whereas in 12 cases both a punctuate and a diffuse signal were identified ( fig 2B) . In these cases coexistence of punctuate and diffuse signals was found in most tumour cell nuclei. The 12 cases containing both punctuate and diffuse signals showed an integrated and episomal pattern using two-dimensional gelectrophoresis, whereas the only case with a punctuate signal gave an exclusively integrated pattern ( fig 1B) .
Discussion
In this study we have shown that 13 of 13 cases of cervical squamous carcinomas 1L.x _ _s * X .-t w_t,,_ 419 infected with HPV16 contained integrated HPV16 DNA; 12 of these samples also contained episomal forms. Episomal forms were present exclusively in dimeric and multimeric forms; monomeric episomes were not found. In 12 out of 13 cases the episomal form appeared together with the integrated form. In all cases the linear form had a different size from the episomal form, confirming that the linear forms observed were not randomly linearised episomal HPV DNA damaged through DNA purification. In situ hybridisation results confirmed the results shown by two-dimensional gelelectrophoresis. In addition, valuable data on the coexistence of episomal and integrated HPV16 DNA within the same cell nuclei were provided. Our results agree with a previous report that a punctuate signal represents integrated HPV DNA and a diffuse signal represents episomal HPV DNA. 16 Studies on HPV integration have shown a wide variation in observed integration frequencies. Various combinations of restriction analysis and two-dimensional gelelectrophoresis have been used. In our results integration was detectable by Southern blotting in 54% of the samples, and in 100% by two-dimensional gelelectrophoresis or in situ hybridisation. This suggests that junction fragments are frequently masked behind the episomal Pst I band pattern seen in Southern blotting and thereby interpreted only as episomal HPV DNA.
Our results also agree with other studies7 17 which found HPV16 integrated into most cervical cancers with episomal DNA. Matsukura et al21 and Fuchs et al 22 found only episomal HPV16 in 70% and 36% of cervical cancers, respectively. Our results are clearly at variance with these latter studies.
Coexistence of integrated and episomal HPV1 6 DNA in the same cancer cell may have some consequences for theories that seek to explain the high prevalence of viral integration in cervical cancers. It has been suggested that integration of HPV16 contributes to the maintenance of the transformed state by inactivating the viral E2 gene, thereby releasing the E6 and E7 oncogenes from control. This theory suggests that integrated and episomal HPV16 DNA would not coexist in the same cell, as an episomal form would then be able to complement the E2 defect of the integrated HPV16, thereby restoring control of the E6 and E7 genes. This hypothesis is therefore difficult to reconcile with our finding that coexistence of integrated and episomal HPV16 is normal in squamous cervical cancers. 
